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chedules on 
H$ercial :“‘, “. ee “.- i Motor Vehicle Driver 

@#~tor~.Carrier Safety Administration (formerly the Office of Motor Carriers, 
@vay:Administration) sponsored a study to gather and analyze data on 

&$$otor-$hicle driver rest and recovery cycles, effects of partial sleep 
&$ii$l~,prediion of subsequent performance. The work was carried out in 
ro@vrth th.ePederal Railroad Administration, and Federal Aviation 

@$&by the Walter Reed Army Institute of Research at the General Clinical 
‘ins Hopkins Rayview Medical Center. The study began in July 1994 

: 
@$.&h~tech brief summarize the study final report, Effects of Sleep 
~&i.;Commercial-Motor Vehicle Driver Performance (Report DOT-MC-00-133). 

/able from the National Technical Information Service. 

brief describes the study background, purpose, and the methodology 
from th e field portion of the study. Part 2 describes the methodology and 
i-the Jaboratory portion of the study as well as the overall results, applica- 

‘.._. . .._ . 

%?$~i@$feit relationship between sleepiness and impaired performance is well 
~~~~~~~~~~~~~ ‘but the-relationship has not been quantified parametrically. This is a &Jc>p*“+>~ : -<yc :‘ _ ,- _ 
ge@$$$s$+rystep toward determining, for example, how much sleep is necessary to 
~~~~~~~~~~jultisequ~nt daytime tasks with nominal efficiency and safety. Therefore, the x ‘5. &,~‘,Z~ i 

;m#ryobje.ctives of the study were to (1) determine the effects of four sleep/wake 
hedu&on:alertness and performance, and (2) develop an algorithmic model to & :a~+.’ r,y 
$~$po~ormance on the basis of prior sleep parameters. 
r ,r , i i ” _ ; 2. .“_ /. .- 
@j#$* -- 
%$$@ii~$ubjects participated: 16 females, (ages 24-55, mean and median age = 43); : 

%(ages 24-62, mean = 37, median = 35). All subjects held a valid commer- 
&c&se but they differed in terms of years of experience and the types of 
.._iz L, -1. .I 

@&$&&&Rent *x+;‘<i .= i ; -” : ) .*_ 14.5 days in the laboratory: 3 days of training/baseline performance 
@$me.in- bed (TIE) each night; followed by 7 consecutive days of perfor- 
i’n&!d@n.g which subjects were allowed either 3, 5, 7, or 9 hours TIB each ,. -sr ,i. 

.+q.@p*pfgtb~” -e ,“Z” was fol!owed by a 4-day recovery period during which performance testing 

c&*~;~5*:~~5;:.,; I&-* i ‘-+ ~%%&t%&&i~and subjects again obtained 8 hours TIB each night. Wake-up time was .li / 
~~~~@&&~a~:at~~~700 hours across all conditions to minimize disruption of circadian 

Il-performance.tests and physiological measures were conducted at the same 
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’ In the I‘aboratory study, the 3, 5, 7, and g-hour TIB 
groups averaged 2.87, 4.66, 6.28, and 7.93 hours of 

stems sleep, respectively, across the 7 days. (See Figure 1) 
Group-related (i.e., sleep dose-dependent) differences 
in subsequent daytime performance were evident 

itness 
’ 

-(and quantifiable) for several measures. 
. 

Even a relatively small reduction in average nighttime 
- 
; sleep duration (i.e., to 6.28 hours of sleep-the 

average amount of sleep obtained by the 7-hr group) 
resulted in measurably decremented performance - 
e.g., on the PVT. This decrement was maintained 
across the entire 7 consecutive days of sleep restric- 

ed tion. (See Figures 2 and 3.) This suggests that there 
(3, ‘5, was no compensatory or adaptive response to even 
:overy _ this mild degree of sleep loss. 

KGieasGres on. the 
‘for the” Following more severe sleep restriction-e.g., the 3-hr 
&#y~sampling group-recovery of performance was not complete 

‘ISIM, after 3 consecutive nights of recovery sleep, with 8 
30 hours spent in bed on each night. Thus, full recovery 

y,,‘and time of from substantial sleep debt may require extended 
rnalyzed. The recovery sleep. It also suggests that daytime alertness 

ts and performance capacity is a function not only of an 
VAS. individual’s circadian rhythm, time since the last sleep 

rplied to all period, and duration of the last sleep period, but is 
@sons among also a function of his/her sleep history, extending 
j-ED test. back for at least several days. 

.05. 

Figure 1. 
Mean recuperative sleep time in minutes (sum of stages 2, SWS and REM) with stage 1 amounts 

in minutes separately for each sleep group across study days. Recuperative sleep time plus 
stage 1 equals total sleep time. 
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I - Mean number of responses-times greater than 0.5 s, on the psychomotor vigilance task across 
study days by sleep group. 
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The temporal relationship between EEG-defined impaired alertness+ -I ” - __ 
lapses in alertness and accidents on a simulated 
driving task was low. This indicates sleepiness-induced 
performance decrements most often occur without 
visually-observed electro 



SPM predicted performance based on actigraphically recorded sleep per 
24-hour period for short-haul driver H7076 (ranked high on daily 

variability in total sleep time relative to the other short-haul drivers 
studied). A&graphically recorded sleep is indicated by black bars (height 

is arbitrary; width = length of sleep bout). Solid vertical lines indicated 
0000 hours (midnight). 

Psychomotor Vigilance Task-Lapse Measure 

m Sleep - Refined SPM 

with this measure during the experimental 

perimental manipulation (Le., there was ade- 
rice levels between the various sleep groups); and 

erformance, and account for some of its sensitivi- 
task (IO minutes)-thus fatigue would be 
mall portion of the variance. 

eed for Additional Research 

aily sleep duration is correlated with duration 
aul drivers averaged approximately 7 112 hours 

normal limits for adults. However, there was significant day- 
b&jy in-sleep duration in both groups, with long-haul drivers obtaining 

~~~~~~~i~~~~~~~‘~~ daily ,.leep during work shift hours-from which it ,-an be inferred 

&$; 
_nificant portion of their on-duty hours with a significant sleep 

i.n’addition to optimizing work/rest schedules, investigation of other 
$pro$ng,$&er performance and alertness is advisable. 

“*~~~~~~~~~ -*j” . ..~ .< _- ; dp*%y~~ :~~~~~.~~L1;~~~..~l-~ - -‘ 1;:; - , “:&&s.,:*& i 
~~p4e-,p;ospects for augmenting on-line measures of performance in 
~;,enyironm~nts with tools such as the Sleep Performance Model. (See Figure 
I;1~~li‘bV\1-~e~ter-informed de&ton-making regarding the likelihood of 

s~~‘~~-~~~~~~n-cefaiilre or the need for using countermeasures on an individua 
@$$Ico~u~d potentially be enhanced to accept performance data feedback 
n&&parameters could be optimized to the individual on an ongoing . ,cj :- -. .-. _ __. 

for additional research. 
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